Some populations of free-ranging American badgers (Taxidea taxus ) develop a distinctive seasonal dermatitis due to the subcutaneous filariid Filaria taxideae. Subepidermal vesicles that contain filarial ova develop in thinly haired skin of the inguinal area, proximal thigh, and ventral abdomen. The purpose of this study was to establish by immunohistochemistry whether basement membrane components colocalized with the roof or floor of vesicles and to confirm that filarial ova occur in intradermal vessels. Samples of skin with characteristic F. taxideae-induced subepidermal vesicles were collected from 10 adult male (n = 8) and female (n = 2) badgers. Samples were fixed in formalin for l-4 days and processed routinely into paraffin wax. Immunohistochemical staining for basement membrane was attempted with anti-collagen IV antibodies (AM168-5M, AR079-5R, AB748) and antilaminin antibodies (MA078-5C, AR078-5R, L-9393). Optimal results in skin from badgers were obtained using a biotin-streptavidin technique and AR079-5R (anti-human collagen IV) and AR078-5R (anti-murine laminin). There was positive staining of the floor of vesicles in 5 of 6 badgers tested with antibodies to laminin and collagen IV. In 5/10 badgers, filarial ova and first stage F. taxideae larvae were found in dilated vascular channels of the upper dermis, and these vessels stained positively for factor VIIIrelated antigen. The results suggest that F. taxideae-induced subepidermal separation occurs consistently in the lamina lucida portion of the basal lamina and that filarial ova occur in dermal vessels.
Most vesiculobullous cutaneous or mucocutaneous diseases in animals and humans are the result of autoimmune states or inherited defects. 8, 15, 20 Understanding of the pathogenesis of these blistering disorders has been revolutionized in the past decade by increased knowledge of the ultrastructure and antigenic composition of the dermoepidermal junction, the availability of specific antisera to structural components, and the demonstration of specific biochemical defects in affected animals and humans. 5, 6, 19 The most commonly recognized causes of cutaneous blistering diseases include destruction or abnormal development of cutaneous anchoring fibrils, 3,7 basement membrane constituents, 15,20 epidermal hemidesmosomes, 15,20 and keratin filaments in basilar epithelial cells. 4, 11, 18, 20 A distinctive blistering dermatopathy occurs in some free-ranging populations of the American badger (Taxidea taxus) . 16 A recent postmortem survey of badgers from 1 area of Wyoming found that 41% of animals had subepidermal vesicles in thinly haired skin of the inguinal area, proximal thigh, and ventral abdomen? Intact blisters contain numerous filarial eggs of the subcutaneous parasite Filaria taxideae.
12,16
Adult Skin was collected at necropsy from 10 recently shot adult male (n = 8) and female (n = 2) badgers aged l-7 years from Shirley Basin, Wyoming, between June 2 and August 5, 1992. worms occur in the subcutaneous tissues of badgers, where they induce little or no host cell inflammatory Badgers were killed as potential predators of the endangered black-footed ferret (Mustela nigripes), which are being reintroduced into this area. Cutaneous samples with 2-5-mm From the Wyoming State Veterinary Laboratory, 1174 Snowy raised circular red blisters were fixed for l-4 days in phos-Range Road, Laramie, WY 82070. phate-buffered neutral 10% formalin. Five pieces of skin from Received for publication February 18, 1993. each badger were dehydrated in alcohol, embedded in par-72 response. 14 Adult female worms probably deposit ova between the epidermis and its basement membrane. Ova may then be ingested from intact or ruptured vesicles by invertebrate intermediate hosts, such as tabanid flies. 13 The complete life cycle of F. taxideae is not known. 12 This is the only vesiculobullous disease in mammals that is caused by a filarial worm.
A previous study detailed the light microscopic and ultrastructural features of filarial dermatitis in badgers. 16 In this report, we document that collagen IV and laminin, both important structural components of the epidermal basement membrane, 5,6 form the floor of vesicles, suggesting that epidermal separation caused by this filarial worm occurs at a consistent site: the lamina lucida portion of the basal lamina. We also show that ova of F. taxideae are found commonly in factor VIII-related antigen-positive vessels in the upper dermis. affin wax, cut at a thickness of 5 µm, and stained with hematoxylin and eosin (HE). For immunocytochemical evaluation (ICC), blocks of skin were selected for ova in intradermal vessel-like structures (for factor VIII-related antigen ICC) or for subepidermal blisters containing ova (for laminin and collagen IV ICC). To detect factor VIII-related antigen, sections were predigested with 0.1% trypsin a for 30 min or 0.05% protease a for 15 min, incubated with a rabbitorigin polyclonal antibody to human factor VII-related antigen b (diluted 1:1,500), with subsequent detection using an avidin-biotin complex (ABC) reaction kit c and 3,3' diaminobenzidine tetrachloride/nickel chlorided and a published protocol. 9 For basement membrane components, a variety of antibodies to collagen IV (AM168-5M, e AR079-5R, e AB748 f ) and laminin (MA078-5C, e AR078-5R, e L-9393 a ) were assayed, using different antibody incubation times (60 min to overnight), antigen retrieval methods (microwave heat, trypsin, and protease) and commercially available ABC or biotin-streptavidin complex e (BSA) kits. Most procedures that resulted in satisfactory staining of laminin and collagen IV in lightly formalin-fixed (1 day) canine skin were less successful for skin from badgers, particularly in delineating epidermal basement membrane. Optimal staining was obtained in skin from badgers using rabbit-origin prediluted polyclonal antibodies AR078-5R (for laminin) and AR079-5R (for collagen) and a BSA detection kit. The original immunogens were laminin from Englebreth Holm-Swarm murine sarcoma cells and collagen IV from human placenta. Sections were predigested with protease (as above) and incubated with primary antibody for 60 min at room temperature (AR078-5R) or overnight at 4 C (AR079-5R). Controls consisted of sections of skin from badgers with substitution of phosphate-buffered saline for the specific antibody.
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Results
In 5/10 badgers, ova and less commonly first stage larvae of F. taxidea were found in intradermal channels lined by endothelium in HE-stained sections (Fig. 1) . Affected vessels were in the upper dermis to a depth of 400 µm. Some vessels were markedly dilated (up to 2,000 x 800 µm), with the vessel's long axis parallel to the epidermis. The lumens of dilated vessels were partly or completely plugged by inflammatory cell infiltrates that varied from neutrophilic to granulomatous. Intravascular eggs were embedded in amorphous eosinophilic matrix similar to that found in the uterine lumen of subcutaneous adult female F. taxidea. 16 Affected vessels occurred beneath vesiculated and, less commonly, attached epidermis. Affected vessels were lined by factor VIII-related antigen-positive cells and surrounded by a laminin-and collagen IV-positive basement membrane (Fig. 2) . Rarely, the lumina of egg-filled dilated dermal vessels communicated with subepidermal vesicles. Multifocal loss of immunostaining for factor VIII-related antigen, collagen IV, and laminin was common in the more dilated, thrombosed vessels.
Immunostaining for laminin and collagen IV in areas of normal skin from badgers detected basement membranes of dermal vessels, nerves, smooth muscles, hair follicles, and epidermis, as in other species (Fig.  3) . 6, 10, 17 In 5/6 badgers tested with antibodies to laminin and collagen IV, positive staining at the dermoepidermal junction was restricted to the floor of vesicles (Fig. 4, 5) , and the intensity of staining was similar to that of attached, nonvesiculated epidermal basement membrane. There was no evidence of laminin or collagen IV immunoreactivity associated with detached viable or necrotic epidermal cells that formed the roof of vesicles. In each of 2 animals, staining for collagen IV (1 badger) and laminin (1 badger) was essentially absent in the basement membrane of both normal and vesiculated epidermis. Positive staining of vascular endothelium and basement membranes was absent when phosphate-buffered saline or normal serum was substituted for specific antibodies.
Discussion
This study demonstrates that commercially available antibodies raised to human factor VIII-related antigen, human collagen IV, and murine laminin can be used immunocytochemically to identify vascular endothelium and basement membranes in formalin- stain for these 3 antigens in skin from badgers killed in 1991 were unsuccessful probably because those tissues were fixed in formalin for up to 2 months, unlike the tissues in this study, which were fixed in formalin for only 1-4 days.
Epidermal basement membrane has 3 layers: the lamina lucida, the lamina densa, and the sublamina densa fibrillar zone. 15 Laminin is found in both the lamina lucida and the lamina densa, 10 and it promotes attachment of epidermis to the extracellular matrix. 19 Collagen IV is the main component of the lamina densa and provides the epidermal dermal basement membrane with much of its natural strength. 5 Results from the present study, demonstrating consistent laminin and collagen IV immunoreactivity at the floor of vesicles, suggest dermoepidermal separation in badgers occurs at the lamina lucida. This finding is consistent with earlier ultrastructural observations showing the lamina densa at the floor of vesicles and the absence of degeneration in basilar epithelial cells such as occurs in some forms of epidermolysis. 2, 8, 15, 20 In many blistering diseases of humans, such as bullous pemphigoid, cicatricial pemphigoid, herpes gestationis, and erythefixed paraffin wax-embedded skin from badgers. Ex-ma multiforme, and in thermal and freezing injury, the tended incubation times (for collagen IV) and the more separation plane is also through the lamina lucida, sensitive streptavidin peroxidase antibody conjugate which has been described as the Achilles heel of the technique (for collagen IV and laminin) were however dermoepidermal junction. 19 The present study did not essential to give consistently strong staining of epider-reveal evidence of selective loss of laminin or collagen ma1 basement membrane components. Attempts to IV immunostaining at the floor of vesicles, such as might be caused by endogenous or filarial derived lam-might be caused by endogenous or filarial derived lamininases or collagenases. Dermoepidermal cleavage in ininases or collagenases. Dermoepidermal cleavage in badgers may be due to selective parasite-mediated badgers may be due to selective parasite-mediated chemical or physical damage to these or other con-chemical or physical damage to these or other constituents found above the level of the lamina densa, stituents found above the level of the lamina densa, such as hemidesmosomes-attachment plaque compo-such as hemidesmosomes-attachment plaque components (e.g., bullous pemphigoid antigen) 1 or the anchoring filament network. 5, 6 Immunostaining for factor VIII-related antigen confirmed that ova of F. taxidea occur commonly in dermal vascular channels in the upper dermis beneath intact and vesiculated epidermis. An earlier study 14 concluded that female worms burrow into the dermis to lay eggs, leaving in their wake fluid-filled intradermal channels. One channel illustrated in that study 14 is probably a dermal vessel. Eggs and larvae of F. taxidae occur in afferent lymphatics and subcapsular sinuses, where they induce granulomatous endolymphangitis. 16 The present study did not establish whether ova of F. taxideae occurred in vessels as part of a limited circulatory phase of the life cycle or instead entered dermal vessels accidently from edematous, vesiculated, or ulcerated skin. Thrombosis of dermal vessels accounts in part for dermal edema seen in F. tax-
